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Abstract

Background: Hypothyroidism (HT) and hypoparathyroidism (HPT) are common endocrine complications in thalassemia major
(TM) patients.

Objectives: In the present study, we assessed the frequency of HT and HPT in a population of TM patients in Southeast of Iran.
Methods: This cross sectional study was performed on194 TM patients in Zabol, Sistan and Baluchestan Province, Iran, during Febru-
ary - July 2016. The demographic, clinical, and laboratory data were collected via interviews and history - taking. For hormone mea-
surements, specific ELISA kits were used. Statistical analysis was performed in SPSS version 16.

Results: A total 0f103 (53.1%) and 91(46.9%) females and males were recruited in this study, respectively. The mean age of the patients
was 15 £ 7.5 years. HT and HPT showed overall frequencies of 8.2% (18/194) and 18% (35/194), respectively. Subclinical and overt HT
were observed in 13 (6.7%) and 5 (2.6%) patients, respectively. There was no significant association between HT and age, while patients
with HPT were significantly older than those without HPT (20.1 £ 5.8 vs. 13.9 = 6.2 years; P < 0.001). HPT was significantly associ-
ated with the mean received blood per transfusion (P =0.009), total transfused blood per year (P = 0.01), splenomegaly (P < 0.001),
splenectomy (P < 0.001), hepatomegaly (P = 0.01), and chelation regimen (P < 0.001). The ferritin level was correlated with neither
HT nor HPT. Also, no significant difference was observed between patients with or without HT or HPT regarding the cooccurrence of
either diabetes or hepatitis C virus (HCV) infection. In the multivariate analysis, splenectomy remained an independent risk factor
for HPT after correction for potential covariates (OR, 6.5;95% CI,1-39.2; P=0.04).

Conclusions: In patients with TM, HT was a complication with a relatively low frequency, while HPT was more common. Based on
the findings, HPT was more frequent in older patients receiving regular blood transfusions, thereby necessitating close monitoring

of these patients.
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1. Background

Hypothyroidism (HT) is a common endocrine compli-
cation in thalassemia major (TM), which occurs more fre-
quently in the second decade of life (1, 2). Direct iron cyto-
toxicity affecting the thyroid gland seems to be the main
cause of thyroid dysfunction in TM. In fact, excess iron is
the main source of reactive oxygen species (ROS), which
are highly toxic to thyroid, especially its anterior segment
(3, 4). However, there are controversies regarding the cor-
relation of ferritin level with thyroid dysfunction in TM.
According to previous studies, the frequency of HT in TM
patients is 1.5-16% in Iranian patients (2, 5-9) and 0-30% in
other studies across the world (10-17).

Hypoparathyroidism (HPT) is another relatively com-

mon endocrinopathy in TM. This condition is regarded as
a contributing factor for abnormal bone metabolism in
TM (18, 19). HPT is characterized by decreased serum cal-
cium and increased serum phosphor levels, accompanied
by the diminished level of parathyroid hormones (PTH).
This condition may trigger progression towards neurolog-
ical problems, causing calcification of different cerebral
tissues. Moreover, HPT has been introduced as a concur-
rent complication with other endocrinopathies such as di-
abetes. The role of iron toxicity, as an important factor in
the development and progression of HPT, has been sug-
gested in the literature. Nevertheless, lack of consistency
regarding the association between ferritin level and devel-
opment of HPT highlights the importance of a multifacto-
rial approach (2, 5).
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Sistan and Baluchistan Province has the largest num-
ber of TM patients in Iran (20). It has been estimated
thataround 2000 TM patients reside in this province, with
Zabol (North of the province) comprising about10% of this
population. However, there have been no reports on the
prevalence of HT and HPT in TM patients in Zabol. There-
fore, in the present study, we aimed to assess the frequency
of these endocrinopathies in TM patients, admitted to our
care center.

2. Methods

2.1. Patients

The study population included TM patients, admitted
to the care center of Imam Khomeini Hospital, Zabol, Iran.
The study was performed during February - July 2016. Pa-
tients who were above 2 years of age and had a ferritin level
> 2000 ng/dL and blood transfusion > 10 units were re-
cruited in the study (19). A total of 194 patients were stud-
ied, which comprised 93.2% of all registered patients. An
informed consent was obtained from the patients or their
parents before the study. The study was conducted accord-
ing to the ethical standards of the committee on publica-
tion ethics (COPE) and was approved by the ethics commit-
tee of research of Zabol University of Medical Sciences.

2.2. Hormone Measurements

The medical histories of patients were comprehen-
sively reviewed for demographic and clinical data. Lev-
els of hormones, including total triiodothyronine (T3),
thyroxine (T4), and thyroid - stimulating hormone (TSH),
were measured with specific ELISA kits, according to the
manufacturer’s instructions (padtan elm co., Tehran, Iran).
Briefly, hormone levels were measured using a competitive
assay of serum hormones and horseradish peroxidase con-
jugated hormones for binding to anti-hormone antibod-
ies, coated at the bottom of wells.

The mean intra- and intercoefficient variations (CV)
were 9% and 8.7% for T3,5.3% and 2.3% for T4,and 6.4% and
3.3% for TSH, respectively. The normal ranges of T3, T4, and
TSH were 1.2 - 2.8 nmol/L, 60 -160 nmol/L, and 0.4 - 5 mIUJL,
respectively. HT was described as overt (low T4 and/or T3
and elevated THS) and subclinical (normal T4/T3 and ele-
vated TSH) (21). Patients who were under treatment for HT
were considered as established cases.

In addition, the levels of serum calcium and phospho-
rus were measured with specific ELISA kits. The PTH level
was also measured using the Intact PTH ELISA kit (euroim-
mun co., Germany), according to the manufacturer’s in-
structions; the CV for this assay was measured to be 4.8%.

HPT was diagnosed in patients with alow serum level of cal-
cium, accompanied by increased serum phosphorus and
reduced PTH levels (22); the normal range of PTH was 3.1 -
40 pg/mL.

2.3. Statistical Analysis

SPSS version 16 was used for all statistical analyses. De-
scriptive and inferential statistics were calculated for pre-
senting the data. Chi square test, Fisher’s exact test, inde-
pendent sample t - test, one - way ANOVA, and binary logis-
tic regression analysis were used for univariate and multi-
variate analyses.

3. Results

A total of 194 TM patients were recruited in this study,
including 103 (53.1%) females and 91 (46.9%) males. The
mean age of the patients was 15 £ 7.5 years. The chela-
tion regimen included monotherapy in 130 (66.8%) pa-
tients and combinational therapy in 64 (33.2%) patients.
The monotherapy regimen included either defexoxamine
(DFO; 22, 17%) or Iranian - made deferasirox (Osveral; 108,
83%). The combinational regimen included either DFO plus
deferiperone (DFP; 50,78.2%) or DFO plus Osveral (14, 21.8%).

Splenomegaly was detected in 50 (25.5%) patients,
while 62 (31.8%) patients were splenectomized. Hep-
atomegaly was recorded in 39 (18.4%) cases. Moreover, hep-
atitis C virus (HCV) antibody was positive in 23 (11.9%) pa-
tients, while 12 (6.2%) patients had diabetes. The mean
ferritin level of patients was 4664.1 & 3129.3 ng/dL. The
mean total blood volume per year and the mean transfused
blood volume were 5929.2 + 2482.2 and 420.8 4142 mL, re-
spectively.

HT was reported in 18 (8.2%) patients, including 13 sub-
clinical (6.7%) and 5 (2.6%) overt cases. Among 5 patients
with overt HT, 4 were under treatment with levothyrox-
ine. No significant relationship was found between thy-
roid function and the baseline characteristics (Table 1). On
the other hand, HPT was detected in 35 (18%) patients; one
patient (0.5%) had concurrent HT and HPT.

There was a significant association between HPT and
advanced age, splenomegaly, splenectomy, hepatomegaly,
mean total blood volume transfused per year, mean blood
received per transfusion, and chelation therapy regimen
(Table 1). The mean age of patients with HPT was signifi-
cantly higher (20.1 £ 5.8 years) than that of patients with-
out HPT (13.9 £ 6.2 years; Table 2). In the logistic regression
analysis, advanced age, splenomegaly, splenectomy, and >
500 mL of blood per transfusion were significant risk fac-
tors for HPT. After correcting for the covariates, splenec-
tomyremained an independent risk factor (OR, 6.5; 95% CI,
1-39.2; P=0.04; Table 3).
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Table 1. The Demographic and Clinical Characteristics of TM Patients Diagnosed with HT and HPT

Normal, N =140 HT¢,N=18 HPT,N=35

Parameters pd pe
N % N % N %

Sex 0.5?
Female 70 51 10 56.2 0.5° 22 61.8
Male 67 49 8 43.8 13 38.2

Age group (years) < 0.001
1-9 48 34.1 5 31.2 0.4 2 5.9
10-20 67 47.8 1 62.5 15 441
> 21 25 18.1 2 6.2 18 50

Mean blood per transfusion (mL) 0.009
< 250 32 23 3 12.5 0.1 2 3
250-500 59 42.2 1 62.5 14 39.4
> 500 49 34.8 4 25 19 57.6

Mean total blood transfused per year 0.01

(mL)
<3000 29 20.7 2 6.2 0.1 0 (o]
3000-6000 42 29.6 10 56.2 12 333
> 6000 69 49.6 6 37.5 23 66.7

Ferritin level (ng/mL) 03
< 2500 42 30.3 6 333 0.4 10 259
2500-5000 48 341 4 20 9 207
> 5000 50 35.6 8 46.7 16 519

Liver size 0.01
Normal 19 85 14 81.2 0.6 23 66.7
Hepatomegaly 21 15 4 18.8 12 333

Spleen size < 0.001
Normal 67 48.2 10 56.2 0.6 5 14.7
Splenomegaly 39 27.7 5 25 6 17.6
Splenectomy 34 24.1 3 18.8 24 67.6

Chelating agent < 0.001
Osveral® 85 613 3 75 0.5 8 235
Deferoxamine 1 7.7 2 6.2 9 23.5
Deferoxamine and deferiprone 31 21.8 2 12.5 16 471
Deferoxamine and Osveral 13 9.2 1 6.2 2 5.9

Chelation regularity 0.09
Regular 49 34.8 5 25 03 7 20.6
Irregular 91 65.2 13 75 28 79.4

Anti-HCV 01
Negative 125 89.5 15 87.5 0.3% 29 82.4
Positive 15 10.5 3 12.5 6 17.6

Diabetes 0.1
No 135 96.5 14 81.2 0.07 31 88.2
Yes 5 3.5 4 18.8 4 11.8

2Fisher’s exact test

bIranian deferasirox

“HT, hypothyroidism; HPT, hypoparathyroidism (except 1 patient with concurrent HT and HPT)
dComparison between normal and HT groups

€Comparison between normal and HPT groups
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Table 2. The Mean Values of Selected Parameters in Patients with Thalassemia Major According to Their Thyroid/Parathyroid Status

Normal, N =140 HT*,N=18 HPT?,N=35

Parameters pP p¢ pd

Mean SD Mean SD Mean SD
Age (years) 13.9 6.2 12.4 55 03 20.1 5.8 0.04 0.8
Ferritin (ng/dL) 4360 2583.4 5115.9 3199.7 0.7 5613.5 3743.4 03 0.9
Total blood volume (mL) 6545.4 2717.3 5162.5 1711.4 0.1 7908.5 2385.4 0.003 0.9
Mean blood volume per 413.7 135.8 3821 130.1 03 488.6 106.4 0.001 0.04
transfusion (mL)
T3 (nmol/L) 1.6 03 1.5 0.4 0.2
T4 (nmol/L) 101 227 80 22.4 0.02
TSH (mIU/mL) 2.6 0.9 6.4 13 0.001
Ca (mg/dL) 9.4 0.6 8 0.9 0.001
P (mg/dL) 4.4 0.7 6.1 1.9 0.001
PTH (pg/mL) 33.6 173 18.7 33.2 0.07

2HT, hypothyroidism; HPT, hypoparathyroidism (except 1 patient with concurrent HT and HPT)

bComparison between normal and HT groups
¢Comparison between normal and HPT groups
dComparison between HT and HPT groups

4. Discussion

In the present study, we reported the frequency of 2
common endocrinopathies, i.e., HT and HPT,among TM pa-
tients in Zabol, Sistan and Baluchestan Province, Iran. The
prevalence of HT and HPT was 8.2% and 18% in a total of 194
TM patients, respectively. Overt HT was observed in 13 (6.7%)
patients, while the subclinical type was found in 5 (2.6%)
out of 18 HT patients.

In our previous report on complications of TM in Za-
hedan, Sistan and Baluchestan Province, HT was reported
in 7.8% of patients, which is comparable to the rate re-
ported in the current study (23). Comparatively, overt and
subclinical types were both reported in 1.6% of TM patients
in a study from Southwest of Iran (6). In another study, sub-
clinical HT was reported in 4.6% of thalassemia intermedia
(TI) patients in Hormozgan Province, South of Iran (7). In
another Iranian study on 178 TM and 17 TI patients, overt
and subclinical HT types were reported in 13.8% and 3.1% of
patients, respectively (8). Moreover, in a survey by Mehrvar
et al. on 437 TM and TI patients, admitted to the Iranian
Center of Blood Transfusion in 2008, HT was diagnosed in
10 (2.2%) patients (24).

Furthermore, Najafipour et al. reported the frequency
of HT to be 16% among TM patients in Northwest of Iran

(9). In another study in North of Iran, 1.5% of TM patients
had overt HT, while 10.7% had the subclinical type (2). Ina
recent meta-analysis by Azami et al., which examined the
results of previous Iranian studies, HT was reported with
an overall frequency of 5.7%; the frequency of overt and
subclinical HT was estimated at 3.1% and 6.7%, respectively
among TM patients in Iran (25). Moreover, in another study
on TM patients from Greece, overt and subclinical types
were of respective frequencies of 4% and 12.5% (21).

The frequency of subclinical HT in TM patients was
15.4% in Bahrain (26), 23.5% in India (27),17.6% in Thailand
(28),12.3% inItaly(13),20.6% in Egypt(16),and 6.3% in Qatar
(17). The occurrence of HT was generally lower in our study,
compared to the majority of previous reports (10-17). The
variable frequencies reported in different regions of Iran
may be attributable to nutritional factors. For instance,
consumption of iodide - rich foods may account for the
lower frequency of thyroid dysfunction in Southwest of
Iran (6). Moreover, inclusion of different age groups may
be also a contributor to the variable frequencies of HT (9).
Other possible reasons for such variations may be differ-
ences in sample size, ethnic background, and treatment
protocols of different centers.

A relatively large number of patients were diagnosed
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Table 3. The Logistic Regression Analysis of Demographic, Therapeutic, and Clinical Characteristics for Risk of HPT in TM Patients

Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysis*

Parameters OR 95% CI P OR 95% CI P
Age group (years)

<10 Ref* Ref

10-20 5.1 11-233 0.03 1 0.1-11.1 0.9

> 20 17 3.6-79.2 0.001 1.6 0.1-24.4 0.7
Chelation regimen

Combinational Ref Ref

Monotherapy 0.4 02-1 0.05 6 0.2-124.6 0.2
Chelation regularity

Regular Ref Ref

Irregular 19 0.8-4.8 0.1 0.9 0.1-5.4 0.9
Chelation drug

Deferoxamine Ref Ref

Osveralb 0.1 0.03-0.3 < 0.001 03 0.05-2.9 03

Deferoxamine and deferiprone 0.7 0.2-2.1 0.5 5.8 0.2-124 0.2

Deferoxamine and Osveral 0.2 0.03-1.2 0.08 4.7 0.06-340 0.4
Spleen

Normal Ref Ref

Splenomegaly 21 0.6-7.4 0.2 0.6 0.7-5.1 0.6

Splenectomy 9.5 33-271 < 0.001 6.5 1-39.2 0.04
Liver

Normal Ref Ref

Hepatomegaly 2.7 11-63 0.01 0.5 01-21 0.4
Ferritin (ng/dL)

<2500 Ref Ref

2500-5000 0.8 0.2-2.5 0.7 03 0.05-2.2 0.2

> 5000 1.6 0.6-4.4 03 0.6 0.1-3.5 0.5
Mean blood volume per transfusion
(mL)

<250 Ref Ref

250-500 6.4 0.8-51 0.08 2.2 0.1-311 0.5

> 500 12.2 1.5-96.2 0.01 18 0.08-39.4 0.6
Anti-HCV

Negative Ref Ref

Positive 17 0.6-4.9 0.2 1 0.2-43 0.9
Diabetes

No Ref Ref

Yes 2.5 0.7-8.8 0.1 12 0.1-7.7 0.8

Reference category
®Jranian deferasirox
“Stepwise regression model was used for multivariate analysis. The covariates were all parameters listed as variables in the table.
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with HPT (35/194, 18%). In previous reports from Zahedan,
capital of Sistan and Baluchistan Province, HPT was found
in 8.7% of TM patients (23). In addition, the frequency of
HPT was estimated at 18.6-21.7% in previous Iranian studies
(6, 7, 29). On the other hand, in a study by Mehrvar et al.
on 437 patients, only 1 case was diagnosed with HPT (24). In
another study from Iran, 1% of TI patients had HPT (30). In
addition, Karamifar et al. reported the frequency of HPT to
be 7.7% in Iranian TM patients, aged 10-22 years (31).

In a meta - analysis by Azami et al., HPT was described
with a frequency of 10% in Iranian TM patients (25). On the
other hand, the frequency of HPT has been estimated at13.%
in Greece (22),10.7% in China (32),10% in Oman (11),10% in
Italy (33), 13-40% in Pakistan (34, 35), and 20% in Saudi Ara-
bia (36). The high ratio of HPT in our patients may be partly
related to the poor compliance of patients with the chela-
tion regimen.

The role of advanced age in the development of en-
docrinopathies is noteworthy in TM (17). We detected overt
HT in only 2 patients below 10 years, while 3 of these young
patients had subclinical HT. In another study on T™M pa-
tients below 13 years, HT was not observed in any of the
cases (37). This discrepancy may indicate a poor chelation
therapy in our patients at this age. Other factors possibly
involved in the progression of HT include the magnitude
of blood transfusion, poor compliance with iron chelation
therapy (26), and splenectomy (33).

On the other hand, there are reports showing no signif-
icant association between thyroid function and the men-
tioned factors (7, 15-17, 29). In a study on 178 TM and 17 TI
patients from Iran, no association was found between thy-
roid function and age, ferritin level, spleen status, or iron
chelation therapy (8). In line with recent studies, we found
no significant relationship between HT and demographic
or clinical factors. This may be in part due to the low num-
ber of patients with HT, which averted a statistically signif-
icant threshold.

The patients with HPT in our study were significantly
older (20.1 & 5.8) than patients without HPT (13.9 £ 6.2).
Furthermore, a significant difference was observed regard-
ing the mean blood received per transfusion between TM
patients with and without HPT. In consistence with these
findings, HPT was associated with the age of TM patients in
some reports (38), while other studies did not confirm this
relationship (33); these differences are likely to be related
to different age ranges of patients in these studies.

In a study in Hormozgan Province, TI patients with
HPT showed a significantly lower mean hemoglobin level,
compared to patients without HPT (7). Accordingly, HPT
was described at a higher ratio in TM patients with ma-
jor transfusions (39); this finding is in line with our obser-
vations regarding the significant association between HPT

and greater volume of received blood per transfusion per
year. Accordingly, we observed that patients, who had re-
ceived less than 3000 mL of total blood per year, did not
have HPT.

The majority of patients with HPT had irregular iron
chelation regimens. In addition, a significantly lower fre-
quency of HPT was reported in patients who had used Os-
veral. Moreover, poor adherence to chelation therapy was
described as the most significant parameter for HPT(33). In
addition, appropriate iron chelation therapy was noted as
a protective factor against the development of HPT (40).

In the present study, we did not consider the effects
of some possible covariates, such as nutritional status and
physical activity, which could influence the development
of endocrine disorders. However, considering the high
number of analyzed patients, the effects of interindividual
parameters, such as nutrient deficiencies, might have been
disregarded. Another limitation of the current study was
thatwe could not rule out any possible disturbances in thy-
roid hormone binding, as we measured total T4 and T3 lev-
els.

4.1. Conclusion

Based on the findings, HT and HPT are among common
endocrinopathies in TM patients in our region. Due to the
possible reversal of these conditions at early stages using
intensive iron chelation therapy, routine monitoring of pa-
tients who are at risk of these endocrinopathies is recom-
mended.

Footnote
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interest.

References

1. Pitrolo L, Malizia G, Lo Pinto C, Malizia V, Capra M. Ultrasound thy-
roid evaluation in thalassemic patients: correlation between the as-
pects of thyroidal stroma and function. Pediatr Endocrinol Rev.2004;2
Suppl 2:313-5. [PubMed: 16462719].

2. Eshragi P, Tamaddoni A, Zarifi K, Mohammadhasani A, Aminzadeh
M. Thyroid function in major thalassemia patients: Is it related to
height and chelation therapy? Caspian | Intern Med. 2011;2(1):189-93.
[PubMed: 24024013].

3. De Sanctis V, Soliman A, Candini G, Campisi S, Anastasi S, lassin
M. High prevalence of central hypothyroidism in adult patients
with beta-thalassemia major. Georgian Med News. 2013;(222):88-94.
[PubMed: 24099820].

4. Bazi A, Miri-Moghaddam E. Spectrum of /3-thalassemia Mutations in
Iran, an Update. Iran ] Ped Hematol Oncol. 2016;6(3).

5. Zekavat OR, Makarem AR, Haghpanah S, Karamizadeh Z, Javad
P, Karimi M. Hypothyroidism in beta-Thalassemia Intermedia Pa-
tients with and without Hydroxyurea. Iran ] Med Sci. 2014;39(1):60-3.
[PubMed: 24453395].

Int ] Endocrinol Metab. 2018; 16(2):e13228.


http://www.ncbi.nlm.nih.gov/pubmed/16462719
http://www.ncbi.nlm.nih.gov/pubmed/24024013
http://www.ncbi.nlm.nih.gov/pubmed/24099820
http://www.ncbi.nlm.nih.gov/pubmed/24453395
http://endometabol.com

BaziAetal.

10.

1.

13.

16.

17.

18.

19.

20.

21

22.

. Rostami GH P, Shirkani A. The frequency of endocrine complica-

tions in patients with thalassemia major (title in persian). JonoobTeb.
2011;14(4):240-5.

. Solati SM, Forooz Asadi M, Dehghani Zahedani M, Evazi MR, Ka-

mali M. Evaluation of endocrine dysfunction in thalassemia inter-
media. Bimonthly Journal of Hormozgan University of Medical Sciences.
2010;13(4):227-33.

. Jalali Faraahani F, Zolfaghari Anaraki S, Talebian A, Azarkeyvan A,

Maghsoudlu M, Sarmadi M, et al. Prevalence of thyroid dysfunc-
tion and relevant risk factors among thalassmia patients having re-
ferred to Iranian blood tranfusion organization clinical laboratory
of Tehran. The scientific journal of Iranian blood transfusion organization
(khoon).2009;6(1):59-64.

. Najafipour F. Evaluation of endocrine disorders in patients with tha-

lassemia major. Int | Endocrinol Metabol. 2008;10(1):35-43.

Ferdaus MZ, Hasan AK, Shekhar HU. Analysis of serum lipid pro-
files, metal ions and thyroid hormones levels abnormalities in beta-
thalassaemic children of Bangladesh. ] Pak Med Assoc.2010;60(5):360-
4. [PubMed: 20527607].

Mula-Abed WA, Al Hashmi H, Al Muslahi M, Al Muslahi H, Al Lamki M.
Prevalence of endocrinopathies in patients with Beta-thalassaemia
major - a cross-sectional study in oman. Oman Med J. 2008;23(4):257-
62.[PubMed: 22334838].

. Malik SA, Syed S, Ahmed N. Frequency of hypothyroidism in patients

of beta-thalassaemia. | Pak Med Assoc. 2010;60(1):17-20. [PubMed:
20055273).

De Sanctis V, De Sanctis E, Ricchieri P, Gubellini E, Gilli G, Gamberini
MR. Mild subclinical hypothyroidism in thalassaemia major: preva-
lence, multigated radionuclide test, clinical and laboratory long-
term follow-up study. Pediatr Endocrinol Rev. 2008;6 Suppl 1:174-80.
[PubMed: 19337174].

. Kurtoglu AU, Kurtoglu E, Temizkan AK. Effect of iron overload on en-

docrinopathies in patients with beta-thalassaemia major and inter-
media. Endokrynol Pol. 2012;63(4):260-3. [PubMed: 22933160].

. Mariotti S, Pigliaru F, Cocco MC, Spiga A, Vaquer S, Lai ME. beta-

thalassemia and thyroid failure: is there a role for thyroid autoimmu-
nity? Pediatr Endocrinol Rev. 2011;8 Suppl 2:307-9. [PubMed: 21705983].
Abdel-Razek AR, Abdel-Salam A, El-Sonbaty MM, Youness ER. Study
of thyroid function in Egyptian children with beta-thalassemia
major and beta-thalassemia intermedia. | Egypt Public Health As-
soc. 2013;88(3):148-52. doi: 10.1097/01.EPX.0000436490.10201.28.
[PubMed: 24374948|.

Soliman AT, Al Yafei F, Al-Naimi L, Almarri N, Sabt A, Yassin M, et al.
Longitudinal study on thyroid function in patients with thalassemia
major: High incidence of central hypothyroidism by 18 years. Indian
J Endocrinol Metab. 2013;17(6):1090-5. doi: 10.4103/2230-8210.122635.
[PubMed: 24381890].

Voskaridou E, Terpos E. Pathogenesis and management of osteo-
porosis in thalassemia. Pediatr Endocrinol Rev. 2008;6 Suppl 1:86-93.
[PubMed: 19337161].

Basha N, Shetty B, Shenoy UV. Prevalence of Hypoparathyroidism
(HPT) in Beta Thalassemia Major. ] Clin Diagn Res. 2014;8(2):24-6. doi:
10.7860/JCDR[2014/6672.3997. [PubMed: 24701472].

Miri-Moghaddam E, Bahrami S, Naderi M, Bazi A, Karim-
ipoor M. Molecular Characterization of beta-Thalassemia In-
termedia in Southeast Iran. Hemoglobin. 2016;40(3):173-8. doi:
10.3109/03630269.2016.1167735. [PubMed: 27117567].

Zervas A, Katopodi A, Protonotariou A, Livadas S, Karagiorga M,
Politis C, et al. Assessment of thyroid function in two hundred
patients with beta-thalassemia major. Thyroid. 2002;12(2):151-4. doi:
10.1089/105072502753522383. [PubMed: 11916284].

Angelopoulos NG, Goula A, Rombopoulos G, Kaltzidou V, Katounda
E, Kaltsas D, et al. Hypoparathyroidism in transfusion-dependent pa-
tients with beta-thalassemia. ] Bone Miner Metab. 2006;24(2):138-45.

Int ] Endocrinol Metab. 2018;16(2):€13228.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

doi: 10.1007/s00774-005-0660-1. [PubMed: 16502121].

Yaghobi M, Miri-Moghaddam E, Majid N, Bazi A, Navidian A, Kalkali A.
Complications of Transfusion-Dependent beta-Thalassemia Patients
in Sistan and Baluchistan, South-East of Iran. Int ] Hematol Oncol Stem
Cell Res. 2017;11(4):268-72. [PubMed: 29340121].

Mehrvar A, Azarkeyvan A, Saberinezhad ], Mehrvar N, Farnoush
M, Vosough P. Prevalence of hypothyroidism and hypoparathy-
roidism in patients with beta thalassemia in Iran. Iran Khoon (Blood).
2008;5(1):53-9.

Azami M, Parizad N, Sayehmiri K. Prevalence of Hypothyroidism, Hy-
poparathyroidism and theFrequency of Regular Chelation Therapy
in Patients with Thalassemia Major in Iran: A Systematic Review and
Meta-analysis study. Iranian Journal of Pediatric Hematology and Oncol-
0gy.2016;6(4):260-75.

Garadah TS, Mahdi NA, Jaradat AM, Hasan ZA, Nagalla DS. Thyroid
function status and echocardiographic abnormalities in patients
with Beta thalassemia major in bahrain. Clin Med Insights Cardiol.
2013;7:21-7. doi: 10.4137/CMC.S10702. [PubMed: 23400522].

Ghosh S, Bandyopadhyay SK, Bandyopadhyay R, Roy D, Maisnam I,
Ghosh MK. A study on endocrine dysfunction in thalassaemia. Journal
of the Indian Medical Association. 2008;106(10):655-6. 658-9.
Jaruratanasirikul S, Wongcharnchailert M, Laosombat V, Sangsupa-
vanich P, Leetanaporn K. Thyroid function in beta-thalassemic chil-
dren receiving hypertransfusions with suboptimal iron-chelating
therapy. ] Med Assoc Thai. 2007;90(9):1798-802. [PubMed: 17957921].
Chahkandi T, Norouziasl S, Farzad M, Ghanad F. Endocrine Disorders
in Beta thalassemia Major Patients. Int | Pediatr. 2017;5(8):5531-8.
Karamifar H, Karimi M, Amirhakimi GH, Badiei M. Endocrine func-
tion in thalassemia intermedia. Int | Biomed Sci. 2006;2(3):236-40.
[PubMed: 23674986].

Karamifar H, Shahriari M, Sadjadian N. Prevalence of endocrine com-
plications in beta-thalassaemia major in the Islamic Republic of Iran.
East Mediterr Health J. 2003;9(1-2):55-60. [PubMed: 15562733].

Chern JP, Lin KH. Hypoparathyroidism in transfusion-dependent pa-
tients with S-Thalassemia. J Pediatr Hematol Oncol. 2002;24(4):291-3.
Gamberini MR, De Sanctis V, Gilli G. Hypogonadism, diabetes mel-
litus, hypothyroidism, hypoparathyroidism: incidence and preva-
lence related to iron overload and chelation therapy in patients with
thalassaemia major followed from 1980 to 2007 in the Ferrara Centre.
Pediatr Endocrinol Rev. 2008;6 Suppl 1:158-69. [PubMed: 19337172].
Sultan S, Irfan SM, Ahmed SI. Biochemical Markers of Bone Turnover
in Patients with beta-Thalassemia Major: A Single Center Study
from Southern Pakistan. Adv Hematol. 2016;2016:5437609. doi:
10.1155/2016/5437609. [PubMed: 27006658].

Adil A, Sobani ZA, Jabbar A, Adil SN, Awan S. Endocrine complications
in patients of beta thalassemia majorin a tertiary care hospital in Pak-
istan. ] Pak Med Assoc. 2012;62(3):307-10. [PubMed: 22764480].

Aleem A, Al-Momen AK, Al-Harakati MS, Hassan A, Al-Fawaz 1. Hypocal-
cemia due to hypoparathyroidism in beta-thalassemia major pa-
tients. Ann Saudi Med. 2000;20(5-6):364-6. [PubMed: 17264623].
Pirinccioglu AG, Deniz T, Gokalp D, Beyazit N, Haspolat K, Soker M.
Assessment of thyroid function in children aged 1-13 years with Beta-
thalassemia major. Iran ] Pediatr. 2011;21(1):77-82. [PubMed: 23056768].
Sleem GA, Al-Zakwani IS, Almuslahi M. Hypoparathyroidism in adult
patients with Beta-thalassemia major. Sultan Qaboos Univ Med J.
2007;7(3):215-8. [PubMed: 21748106)].

Goyal M, Abrol P, Lal H. Parathyroid and calcium status in pa-
tients with thalassemia. Indian J Clin Biochem. 2010;25(4):385-7. doi:
10.1007/s12291-010-0071-5. [PubMed: 21966110].

Vogiatzi MG, Macklin EA, Trachtenberg FL, Fung EB, Cheung AM,
Vichinsky E, et al. Differences in the prevalence of growth, endocrine
and vitamin D abnormalities among the various thalassaemia syn-
dromes in North America. Br | Haematol. 2009;146(5):546-56. doi:
10.1111/j.1365-2141.2009.07793.X. [PubMed: 19604241].


http://www.ncbi.nlm.nih.gov/pubmed/20527607
http://www.ncbi.nlm.nih.gov/pubmed/22334838
http://www.ncbi.nlm.nih.gov/pubmed/20055273
http://www.ncbi.nlm.nih.gov/pubmed/19337174
http://www.ncbi.nlm.nih.gov/pubmed/22933160
http://www.ncbi.nlm.nih.gov/pubmed/21705983
http://dx.doi.org/10.1097/01.EPX.0000436490.10201.28
http://www.ncbi.nlm.nih.gov/pubmed/24374948
http://dx.doi.org/10.4103/2230-8210.122635
http://www.ncbi.nlm.nih.gov/pubmed/24381890
http://www.ncbi.nlm.nih.gov/pubmed/19337161
http://dx.doi.org/10.7860/JCDR/2014/6672.3997
http://www.ncbi.nlm.nih.gov/pubmed/24701472
http://dx.doi.org/10.3109/03630269.2016.1167735
http://www.ncbi.nlm.nih.gov/pubmed/27117567
http://dx.doi.org/10.1089/105072502753522383
http://www.ncbi.nlm.nih.gov/pubmed/11916284
http://dx.doi.org/10.1007/s00774-005-0660-1
http://www.ncbi.nlm.nih.gov/pubmed/16502121
http://www.ncbi.nlm.nih.gov/pubmed/29340121
http://dx.doi.org/10.4137/CMC.S10702
http://www.ncbi.nlm.nih.gov/pubmed/23400522
http://www.ncbi.nlm.nih.gov/pubmed/17957921
http://www.ncbi.nlm.nih.gov/pubmed/23674986
http://www.ncbi.nlm.nih.gov/pubmed/15562733
http://www.ncbi.nlm.nih.gov/pubmed/19337172
http://dx.doi.org/10.1155/2016/5437609
http://www.ncbi.nlm.nih.gov/pubmed/27006658
http://www.ncbi.nlm.nih.gov/pubmed/22764480
http://www.ncbi.nlm.nih.gov/pubmed/17264623
http://www.ncbi.nlm.nih.gov/pubmed/23056768
http://www.ncbi.nlm.nih.gov/pubmed/21748106
http://dx.doi.org/10.1007/s12291-010-0071-5
http://www.ncbi.nlm.nih.gov/pubmed/21966110
http://dx.doi.org/10.1111/j.1365-2141.2009.07793.x
http://www.ncbi.nlm.nih.gov/pubmed/19604241
http://endometabol.com

	Abstract
	1. Background
	2. Methods
	2.1. Patients
	2.2. Hormone Measurements
	2.3. Statistical Analysis

	3. Results
	Table 1
	Table 2
	Table 3

	4. Discussion
	4.1. Conclusion

	Footnote
	Conflicts of Interest

	References

